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May it pleaſe the King, 
8 it has been a Cuſtom both Anti- 
ent and Modern, to dedicate New. 
Diſcoveries, and profitable Inventions to 
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1 honour a conſiderable Company of Mer- 
2 chants with being their Governour ; 
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Ars zan Remainder is the 
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Examp. 3. Allre, the brighteſt Star in 
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Which being converted into Time b by 
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of Diſtance to one in Time, it Will her 
how much the Sun Riſes or Sets before 
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Rules. > 
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South, then the Aſcenſional Difference 
being added to 6 Hours, gives the time of 
Sun-riſe., and ſubtracted from 6 Hours 
giyes the time of Sun-ſet. TEN 
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ſee Occaſion; then Greatneſs-of the 
Weight will kee the Board Horizontal in 
Feather, and you may take 


as at Land. | Ag 
2 Figo2.: Is the 8 
called Davis's — with which and 


this ; Obſervatory,” you may take an Obſer- | 


vation when you” cannot ſee the Horizon, 
if the Sun do but r without — 
the Eye, at leaſt when it is pr re a 

cording the following Directions 
This Quadrant, which is an eee 
Inſtrument, and of great Uſe, only in ha- 
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| 1 muſt 


Ice 7 the from bln pep ndic lat, and 
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'Obſer ver, and the In t ument to- — the 
true Horizon but an additional, Level to 
the Inſtrument, which is thu there 
be inſtead of the Eye · Vane, a 1 Piece 
of Wood with a true Shit the Length of the 
Quadrant to go upon a T Cen. 
ter, and n meſs that the Arch 
30 may freely paſs throu 
truly bevelled to-ſhew.- mor 
exactly; 3 if they pleaſe they, ar ur 
Sight or Eye-Vane on the lige. of t 
Frame, but the Uſe of it is. intended to 
place it level upon the Board of the Obſer⸗ 
| vatory, that this true Frame may be exact 
ly Horizontal, and the great Weight keep- 
ing it ſo, you have — do but to 
raiſe the Arch of 30 d. with your Hands 
until the Sun be at its Height, which you 
may eaſily, perceive. by the. rl Declining 
which is in the Slit of the Horizontal Vane, 
bythe Rays from the Shadow ä —— 
nothing elſe to mind with your Eyes. The 
Degrees and Minutes are contained be- 
tween the Shadow Vane and the Edge of 
the Frame in the Io Arches. 

It was an ingenious Thought of- Jobs 


Ward, to have. a, Spirit Level to find” the 


Horizon, 


ee irit Levelto es 0 


for my way i the Plumb: Like; and 
which! is bound of the — may' 
| viltheof ren Uſe both by Land and 8e. 
Fort 
LS * 4 © 
count from one that had ſeen it, and ſcens 
ry reaſonable it ſhould'be of Service 
The Inder Inſtrument is to be taben in 
hand at the time of Obſervation and ſet 
the Hour and Minute Indexes that have 
not the Sun upon them to the Machinz, ant 
— © them equal with it; until the Ob 
try of the Sun give them tis Words a 
„ * ea be 


or Seng o Second _ 
maining there, as in N ; 
dexes with the Suns re, Tino i by 
Calcularion'for that Day's Sun-ſerting or 
Riſing (as in Fig- 4. of Sun- ſet) 
Indexes of Dr ime 
to the true Time, b * r it backward 
or forward as the Eai ation dis. 
rects, there being two Cirtles r the Mix 
nute Indexes; the one numbred forward, 
and tlie other backward, for the a0006- 
ready adding and ſubtre 8 ing as as: Ibn. | 
of Equation directs. | 
In the Minute and [Sovond, Circles of 
the und Indexes is 4 little Dart to ſhew 
where the Indexes ſtood by apparent Time 
before the uation. of that Day was ad- | 
ed or ſubtracted (as in Fig. 4.) Fa, 
The Indexes ſet by the Machine, ſhews | 
he true time at the Prime Meridian, and 
thoſe with the Fig ure of the Sex, the time 
where the Ship is; thoſe to the Machine 
it 1 min. 23 ſec ec. paſt One ; and the other 
ith the San. Mark at 50 min. 23 ſec. paſt 
5 of the Clock, after the 55 ſec. was ad- 
ied, _ the Equation = the Toth of 
3 0 en obſerve betwixt the Indexes, 
and there is 4 h. 49 m. or in Degrees is 
72 deg. 15 min. as may be ſeen by the 
ſaid Inſtrument, having a Circle divided 
D into 


na! 9290 4 refore when one: 
2 75 ar: 4 D ;:rrue ;j | III 
ait Pat, wh 12 
e me, Sc 


6 . ee we 5 fs ſhewing 
10 be Weſt Longitude, by the Macht 
being before the Sun. 9519 0 
I. is called an Inder luftrpm eit he 
having: ſo anf Indexes, which clear 
demonſtrates; that the Difference ok A 
ridians is diſcovered, by Time: -keepin Ys 
even made plain to the meaneſt Capacity 
far each Hour is divided into x5 deg. in the 
nent equal to time, and Biſtaua 
in the Equinox; for it is lach fad that 
the Sun makes: one compleat Aba 
round the Earth in 24 Hours, thetelon 
divide. 360 by 24, the Quotient will b 
= — equal to one Hour of Tin 


e. 1. Suppoſe 4 'Shi from a 

don. is —.— for Fo 2 85 Eeoreed 7 ep 

Indies, whoſe Latitude is computed. 3 16 
od min. North, and Difference of of, Meri 
or Time 5 Hoars , 27 Minutes, Jo. * 


er $1 deg. 56 min. 


19 5 on 40 pe 
et ke Machine 8 ime, 
re be gin the Longitude; for Te 
1ency Of goot bn Pieces that are | 


„ Its 5 Skis be: 


I 
15 N 5 
Declir 0 10 — g. 17 Min. | 8 
it | leaves. 1 in. An. che ; Laritude 
9770 Ry EN, 511885 decreaſed 
the Lat 1 95 deg thus, 


the 2 5 Aren 2 min. 
er 5557 and at the Sun-Rifing where the 
dip , the Declination is 6 deg. 46 min. 
it being 4 Hours and almoſt a bell before 
the Sun he on the Meridian at Greenwich, | 
where the Tables of Declination are calcu- 
ated for; and the Declinafion i is then on 
the Meridian 6 deg. 50 min. ſo ſubtra- 
Gin? 4 min. for the 4 Hours, it is ſooner 
than at. Greenwich, Gold the ſixth part of 
24 ris and it is 6 as. 0 min. 8 
6 thus. 
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14 Eſper ances *. havi an Obſertat. 1185 
ono ches 564 Shoar, and finding 44 fc. 
paſt. 1a, which, (44 ſec.) ſubtract for the: 
r 
"al the Machine being 41 min. paſt 10% „; 
Which fubtract from 12 of the Clock there W 
"remains 1 h. 19 m. which: Thews the 
Machine to goe-true; it being 1 * * 
45 min. Eaſt of Greenwich. Ta... 
True time gt the Ca ah. oom. o 5 
Trae: brad of 21 the "he. 


ua 1 0 a 
chine at Gret Wich. 9 4¹ 60 
Difference of Inne, — : - f 19. oo 
Which IS 19 deg 45 min. kick Ou 
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. erence of Time —— 2 30 "00 — 
Which anſwers to 37 deg. o min. Weſt. Y 
1 80 proceed until the roth of May at Noon; 1 
» 7h — then e Sun's Meridian Altitude J 
24 whe 8 min. which ſubtract 
from og eg. 8032 min. the Remainder f ls = 


8. 3 min. for the 
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ſo much the Sun Sets after 6, ark” 
on being 4 min. 4 ſec. ſubtracted 
h. 2 m. there remains 6h. 22 m. 


time at Greenwich 
by the Machine is 


Difference of 2 


Which converted i into! 
Difference of Lon 
wich (as in Eg. 5. 


A farther Explanation of the U ſefulneſs 
Fixed - Stars in diſcovering the Longitai 


Suppoſe a Ship was failing by the 
Wi the I eb of April, 1 1 7 in the 
tude of 49 deg. and at 8 min. 30 ſec. 
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Flace HE Day oft 
he La itude and Time by the 1 
and ſo proceed until the 10th of Mer 0 
tending. for 1 whoſe Latitude is 
computed x3 deg; 30 min. and Difference 
of Meridian, or Time 3 h. 53 m. and Dif 
ference of Longitude 53.d: xo min. Weſt; 
and in the Evenin; you find the ſame Star 
ſetting in Latitude 39 deg. North, the | 
Machine being 12 min. 23 ſec: pa i 
ind finding by the Tables of Sines, Tang 
2 a, it ſets ger 3. 184: of 1 7 85 thay : 
4 A 4 y. 2 min. 8 ſec: hic 
i added to tlie firſt. Obſervati⸗ 

. or ned from the ſecond, it being 
the Difference between the Latitudes; > 
di it to the arty it makes 9 * 10 min. 
28 Ie. | 


the Ways, econd ar: from 8 oh. 1am. 3 ao 
Time ar the fr ane N. 10. A 
Remains „ AM, 
Add the Num: found in the 8 | 8 
Table 9 far 30 Dajs SL... 1 E 6 
The diff. of Time, which can / 
werted into deg. is 45 * 3 00 ob - 
W. from the Lizard. 


That 
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. and, 55 1h 
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5 be Mechibe be 
pet 5; and by the. Tal ines | 
ents, find the ſame Sor 3 Pl 
g. Than it did in 34 dag: 15 9h by 1 
therefore oo deg, 12 min, muſi be Tubrra 
From the former, or added to cle latter, 25 
2 bo ſalrract 1a min from the fo 
; being the Difference between the Lai 
i it leaves the firſt ; 5 when 1 2 min. 1s ſat 
TE gram 11 5 36 min. 32 fee, 45 


doe aſt n Vi 
| Hr from [rhe 
Int |  the'Cape 
25 min. the RE: 


min. qt of Batavia. ' * bf * 5 
Note, This Rule is aboygs to de obſer- 
red in finding the Difference of Meridia 
by the Fhred Stars; if the Machine be 
at the firſt Obſervation than at the hone) 
ſubtract the ſeeond from It; and if the Re- 
mainder exceed the daily Difference ſdund 
in the Table of Aerrtetaln of Eixed Stars 
for the Number of Days that was between 
them, ſubtract this Number found in the 
Table from the Remainder, and what re- 
mains is Eaſt Lo zitude; as in the laſt 
Example.” SICETC 
But if the * Difference Found: in dle 
Table, exceed the Remainder; after the ſer 
cond is ſubtracted from the firſt; Tubtratt 
that Remainder from the Number found in 
the Table, and what Remains is Welt 
. Longitude. . | 
The 


Wielt Loogitude... 
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e Fendulumig vai v M 
| C45 nates, with an . to 
Author's Approbation corkerning the Legi © 

| ning of Pendulums ) the hear of Le By 

s Shortning in Cold; a | hot 

regulate them to keep Time is ll Cl 5e 

e the Difference 14 Jonna: nm 775 5 Fa 
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vo R greateſt Students in Navig- in 
tion and A ſtronomy, could not fte Jet 
any Way to diſcover the Longitude {0 hear lt t. 
as by true Time-keeping ; which is 

pearl perform'd by t the Long Pendels, 


| 5 Wi 


1 — 
yet ſeeing ia get Necoſſity fbr eepimg 
From L mare Sea, ere i4 | 4 tu , a 9 | 


ſo near as a ae, nor 7 5 
true as a Crown-Wheel Pendulum, eſpecially 
thoſe that have Gelaids far exceeds them, 
vet a great Add antage to hut iwas 
fore ; and particularly in Pocket - Watches. 
The Len gth of Pendulum by our Great 
Meniwas kr} to be 39 Inches two Tenths 
to vibrate Seconds, Which ſome of them 
called an Univerſal Meaſi ure, or Standard 
ok all Places and Ages; yet we find that 
hotter Climates may 1 the Pendulum to 
po ſlower by the lengthening of the Pendu- 
um, which hath ones ſome to 8 ay, 
that if a Pendulum could be made to go 


ina ap, (which the thought im . 
yet the e wou 155 
tt to fey + faſter; or ſlower, accordin 
the Climate, which they fre 
could 1 #1 2 Balance, 'by haying * 
un 


come within 2 or 3 min.” m 
fonth : And if draw ing out tl 
Service this may Sits 4 Tr 
made clofe to put it in if it he available; 
But there are other Ways tol dure it win 
7 Trouble. = WE W . 

L now. come to the peri of. 
lengthening of Pendulum by heat of 
mates, Which I allow' there is ſome DIR 
rence ; but not ſo much as to malte it uſe 
less in this Affair: And 'altho? there is 
Difference, vet it {hall excel any Motion 

yer known for true Time-keeping.; * 

Therefore to try the Experiment, I al 
a Theromometer, a a Rod the Length of 
a Pendulum. I gauged the Rod, and pit 
them both into a cloſe Place, the one by the 
 orher, before I cauſed the Heat; which 
was gradual for ſome time, until 
romometer did riſe above 50 deg.” „more than 
it was at firſt; Which Traket be as. at 
as the Difference between 51 deg. 34 min, 
and the Equinox; I gaugedd the Rod;/and 
computed 


&' any 


; x . nh ny 2 2 : leude — eee N 
e | , — 1 . 
computed it to he a hundredth Part of an 
+ 2418 R wt bf ts. 4 P£Y ; Dp” Ae * 
Inch longer than at the firſt; which if it 
ſhould-have continued ſo for 24 h. it would 
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have gane 10 ſec. lower than it did be. 
fore::* But as I underſtand ſuch - Heat 
Joes not eontinue-under the very Equinox 
ſo hot above one quarter of the 4 Da 7 and 
Night; for the Sun is but 45 deg. F Alti- 
tude at-9 in the Morning, and 3 in the Af 
wol, being the Sun lies 12 h. under the 
Horizon; 10 that if a Pendulum be made as 
it ought to be, it will be 3 or 8 
it 


Day too low about the Equinox, 
"What I have aid, will be diſliked by 
ſome - ingenious. Mathematicians, that 
have found 14 or 15 ſec. per Day flower in 
the heat of Summer than in the cooleſt of 
Winter, which I will not deny; but amof 
Opinion that. the lengthening of the Pen- 
dulum did .not cauſe all that Difference, 
but the Pendulum Rods weakening by 
Heat, and ſtrengthening by Cold; makes 
much more Difference than the lengthen- 
ing and ſhortning : for I beleive every in- 
genious Artificer upon due Conſideration, 
will agree with me in this Point, and own: 
that Mettals with Heat will weaken much 
more than they lengthen; and therefore 
Pendulums ſhould be ſo made that they 
| may 
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done; A o gie £ | : to. ſuis 
all Climates, 3 Make a Se 
park of > thePendulum? od: 
dredth part of wy Inch, — 
Thread in an Inch; and the Ball Deng 
round like a Globe, ſcre the Rod: 8 ronet 
the Center; having ſo many Threads! in 
the Ball, it cannot rife or fall unequal.” I 
pap be * in — nto 
<q 1 and numbr IC 1 t 90 
being ſigured at every 20, that when itis 
_ adjuſted true, / the Pointer may cut tho 
Number of of the' Latitude it is adjuſtetlat 
Having a little Ball (as in Fig. 10 toad 
juſt it very exact, and then ſcrew the lit 
tle Ball faſt : And when the Latitude i il in- 
cereaſed or decreaſed 10 or 20 degs and 
your Courſe continuing the ſame Way for 
other 10 or 20 deg. turn it double the 
** if they ars like to fail into thif 
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1 ©o-meer with: 5: "Ae fippoſe en — 
mitt ham klin their LTenixh, tem 9 4 
ter the Pointer, and if it ve South DG. 
clinatiom, *they:imby turn in to che: Latitude 
of the. Huce ſo Þp:oblerving we un- 
2 eiroti 

— —— > Dogrors f 
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22 1 their 
Latitude — of what they-invend, 
that it may lee that little that? It: H 
gained; amd beit or the Latitude when 
they me therd : But there muſt he aus 
Regrardto the Number of Days beſbte 
and alter altering s anch to the Degrees 01 
Heat or Cold: 80 ſhall - they Have tl 
(up Tien * in all — 


| be on th divic ed Circle th 
2 25 = a . 5 


Pendulum — if a Pendulum of four 
times the Length it was before," g 
the Vibration it did: Take a Ballance « 
four- times the Diameter it was, and it 
hall not give above one fourth of the Vi 
brations it did. So that the leaſt Alteration 
of the Radius in a Ballance, makes a great: 
er Difference than three times as much in 
the ſame Proportion in a Pendulum. 
Therefore, I hope the enious will con- 
* there is no Motion invented that wil 
keep ſo true Time as a Pendulum; when 
8 with ſuch Rods that bend not 
ut at the Point of Suſpenſion. 
And as a farther Proof of what hath 
been ſaid, I tried this Experiment with a 
Rod of Iron; to find what it lengthned in 
41 Inches, at three different -De 
Heat, (being aſſiſted 2 three of my in- 
genious F riends, viz; Will. T unſtall, * 


with a 3 — > found — 

en one hundredth part of an Inch, 1 
the medium of Heat, to the hotteſt. we 
could ſuppoſe to be in any Climate: Then 
xd their AﬀRance i in this, that ex- 
ceded the Heat of all Climates upon 
. he Firſt was boyling Liquor that 
en'd it two hundredth Parts; the 
= was a blew Heat, that lengthen'd 
it four hundredth Parts, and the Third was 
red-hot, which lengthen'd it twenty-four. | 

hundredth Parts of an Inch in the whole 
Rod, which was 41 Inches long ; this is 


a true Account, according to the beſt of 
our Judgment. 

Now, it plainly. appears, that thoſe who 
concluded the Lengthening was ſuch, as to 
make it uſeleſs in this Affair, was under a 

t Miſtake ; for where Annimals can 
ve, or hy — tables grow, it lengthens but 
u 


about the four thouſand ane hundredth 
Part of the whole Length of the Rod 
and that in boyling Liquor, two thouſand 
and a fiftieth Part; a blew Heat one thou- 
ſand and a twenty fifth Part; and a rat 
bot a hundjed 2 ſeventieth Part, of th 
F 2 Length 
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ing 0 oben Rod with — and ſtrengei. 
ring by 7:Cod 3 for which there Rim 
Wand, Wich makes teh Difference 

very nat, whieh is before deſc d 
the moſt 7 Men have-readily-ac- 
0 mature * 

ways, rhe beſt! forttfied/again 

VN. B. At every Sea-Port, where Yew 
toueh i Long Voyages, there oughe to be 
_ an 8 and ateye Tine. 
2 Order; that the true 
5 the e ay or Niglie; (wien they 
| ary from any of theſe Ports)? max be 
Known; So this: may discover the 
renee of Meridian between any two Pl 
ces wirlr more Eaſe; Charge of 2 
good Time Piece, and 'Telle@ops” fixed 
with ſome other Inſtruments, is hut ſmal, 
a 3: Advantage that | may be reaped 
lere | 
80 f huntbiy deſire. the Hengel 
Commiſſioners appointed for the Diſeovery 
a ez Eongitude, to eonſider apd*appont | 
Na the act Place where they” vil er 
Act in Execution, and giye 155 
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thereof; that hole 11 V 
made any Machines thaecinay te of Sed- 
yice"'tO . Diſcovery ofthe: | e 
may be examined by them, and 1 
Approbation according to Merit, chat nx 
frviceaBlR. aſtrument, nor ĩinganio F. 
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